pyranosyl] -2,3 -diacyl -D -glycerol (Lennarz & Talamo, 1966) . The glycolipid of a strain ofStaphylococcus aureus has been reported as a mixture of two diglucosyl diglycerides in which the two glucose units are joined by (1--3)-and (1--6)-linkages (Polonovski, Wald & Petek, 1965) . Our earlier survey (Brundish et al. 1966a) 
EXPERIMENTAL ANND RESULTS
Material. Silicio acid 'for chromatography' was obtained from Koch-Light Laboratories Ltd., Colnbrook, Bucks., and 'Mallinckrodt 100 mesh' from Kodak Ltd., Kirkby, Lancs. Almond-emulsinf-glucosidase was obtained from Koch-Light Laboratories Ltd., and Glucostat reagent from Worthington Biochemical Corp., Freehold, N.J., U.S.A. Solvents for column chromatography were purified and dried before use.
Analytical method8. Hexoses (before and after acid hydrolysis) were determined by the method of Dubois, Gilles, Hamilton, Rebers & Smith (1956) , and after hydrolysis by the Glucostat reagent. Periodate was measured spectrophotometrically (Dixon & Lipkin, 1954) , glycerol and formaldehyde were measured by the chromotropic acid procedure (Hanahan & Olley, 1958) and formic acid was measured by a modification of the method of Goldstein & Whelan (1962) according to information kindly supplied by Professor W. J. Whelan.
Paper chromatography. Whatman no. 1 paper, previously washed with 2 N-acetic acid and then with water, was used with the solvent system butan-l-ol-pyridine-water (6:4:3, by vol.) (Jeanes, Wise & Dimler, 1951) . Compounds were detected by the periodate-Schiff reagents for a-glycols (Baddiley, Buchanan, Handschumacher & Prescott, 1956 ) and the alkaline AgNOs reagent for sugars and polyols (Trevelyan, Procter & Harrison, 1950) . Non-reducing glycosides were detected by the modified AgNOs procedure described by Brundish et al. (1965) .
Bacteria. The organism used in this study was isolated from a dead chicken (Davison & Baddiley, 1963) . Cells were grown in the manner described by Davison & Baddiley (1963) and were harvested at the stationary phase, washed once with 0-9% NaCl solution and then freeze-dried.
Isolation and purifration of the glycolipid. The total lipids were isolated from batches of freeze-dried cells and purified by the methods described by Brundish et al. (1966a) . The glycolipid (55mg.) was isolated from the total lipid (2-0g. from 80g. of dry bacteria) by chromatography on a column (20cm. x 1-5 cm.) of silicic acid (Light's silicic acid-Mallinckrodt silicic acid, 1: 1, w/w) by the method of Vorbeck & Marinetti (1965a) .
Deacylaion of the glycolipid. The glycolipid (55mg.) was dissolved in chloroform-methanol (1:1, v/v) (5ml.) and 0-5x-sodium methoxide in methanol (1-25ml.) was added (Marinetti, 1962) . After reaction had proceeded at room Table 1 . Analy8is offatty acid methyl ester8 on gas-liquid partition chromatograms Experimental conditions were as described by Brundish et al. (1965 chromatography, the glycoside had RBGl0e49 in the solvent system described. The fatty acid methyl esters were examined by gas-liquid partition chromatography (Brundish et al. 1965 ). The results are given in Table 1 . Known esters were also examined for reference purposes. A sample (100mg.) of the total lipid of the organism was hydrolysed in Olw-NaOH at 1000 for lhr. The mixture was cooled, adjusted to pHl with 2N-HCI, and the fatty acids were extracted with light petroleum (b.p. 60-800) (3 x lOml.). The recovered acids were converted into their methyl esters and analysed as described by Brundish et al. (1965) (Table 1 The ether was heated with methanolic 5% (w/v) HCI for 16hr. at 600, the solution evaporated to dryness and the last trace of HCI was removed in vacuo over KOH. The methyl glycosides were examined by gas-liquid partition chromatography on a column (150cm.) of 15% (w/w) polybutanediol succinate on Celite (80-100 mesh) maintained at 1750 (Aspinall, 1963 ) with a Pye Panchromatograph. The methyl glycosides were applied in chloroformmethanol (1: 1, v/v) (20mg./ml.) and N2 was used as carrier. Samples (2,u1.) were applied with a Hamilton micro-syringe. Authentic methyl ethers and their mixtures were analysed for reference purposes. Retention times of the standards and the components of the mixture are given in Table 2 . HgO (400mg.) , HgBr2 (40mg.) and Drierite (1-5g.) was stirred in dry methylene chloride (5ml.) for 2hr. (Brundish et al. 1966b) . A solution of heptaacetylgentiobiosyl bromide (1.7g.) and I2 (300mg.) in dry methylene chloride (7ml.) was added during 5min. and the mixture was stirred for 72hr. The glycosides were recovered as described by Wickberg (1958) and separated on a column (30cm. x 2.5 cm.) of Dowex 1 (OH-form) resin as described by Austin, Hardy, Buchanan & Baddiley (1963) .
The non-crystalline ,-gentiobiosyl-(1l+l)-D-glycerol (136mg., 13%), [OCdD +5 5+0.5°(c 1-2 in water), was converted into the nona-O-acetyl derivative, which, after two recrystallizations from aqueous ethanol, had m.p. 143°, extract of whole cells by chromatography on a column of silicic acid. The lipid was a diglycosyl diglyceride that on deacylation gave a diglucosylglycerol. The glycoside contained D-glucose and glycerol in the proportions 2:1, and rapidly gave a purple colour with the periodate-Schiff reagents. This indicates the production of formaldehyde from a 1-substituted glycerol (Roberts, Buchanan & Baddiley, 1963) .
Quantitative oxidation with periodate showed that the glycoside reduced 4-96mol.prop. of periodate with the formation of 1 11 mol. prop. of formaldehyde and 1-26mol.prop. of formic acid. Reduction of the oxidized glycoside with sodium borohydride gave glycerol, but no erythritol or glucose, thereby excluding the possible presence of a 3-or 4-substituted glucose residue. The analytical results suggested the structure glucosyl-(l -+6)-glucosyl-(1 -+1)-glycerol, which should reduce 5mol. prop. of periodate with the formation of 1 mol.prop. of formaldehyde and 2mol.prop. of formic acid. The low value for formic acid did not exclude the possible isomeric structure glucosyl-(I -+2)-glucosyl-(I -+l)-glycerol, which would reduce 4mol.prop. of periodate and give 1 mol.prop. of formaldehyde and 1 mol.prop. of formic acid.
Further evidence for the nature of the linkage between the two glucose residues was obtained from methylation studies. 
The chemical synthesis of the compound (I) was similar to that previously used for the synthesis of the galactosylglucosylglycerol from Pneumococcu8 type I (Brundish et al. 1966b) . A Koenigs-Knorr r3action between hepta-O-acetylgentiobiosyl bromide and methylenebis-2-0-(3-0-benzoyl-D-glycerol), followed by removal of protecting groups, yielded predominantly the required O-,B-gentiobiosyl-(I -*1)-D-glycerol (I) with a very small proportion of the corresponding ac-anomer. The acetates of the natural and synthetic glycosides were identical, as shown by melting points, mixed melting points and infrared spectra. The glycosides had identical Rp values on paper chromatography.
No other glycolipids were detected in the organism during this investigation. Lennarz (1964) was able to detect monomannosyl and trimannosyl analogues of dimannosyl diglyceride in M. ly8o-deikticus A.T.C.C. 4698 only by radioactive tracer techniques, the compounds being present in too small quantities to be detected chemically. If 1% of a monoglucosyl diglyceride accompanied the diglucoside in the Staphyloccu8, by analogy with the earlier findings in the Pneumococcus I-192R A.T.C.C. 12213 (Brundish et al. 1965) , then it would have escaped detection. The fatty acid composition of the glycolipid was significantly different from that of the total lipid fraction. Three acids predominated in the glycolipid: palmitic acid, palmitoleic acid and an unidentified acid that, from its behaviour on gas-liquid chromatography, appears to be a C15 acid. 12-Methyltetradecanoic acid has been demonstrated as the major fatty acid of the dimannosyl diglyceride ofM. ly8odeikticus (Lennarz, 1964) and has also been found in many other Gram-positive bacteria (Kates, 1964) .
The function of bacterial glycolipids is not yet known. However, it has been established in two cases (Vorbeck & Marinetti, 1965b; Cohen & Panos, 1966) that they are located mainly in the cell membrane, and it is reasonable to believe that this is general for Gram-positive bacteria. This is consistent with earlier speculations that they may be concerned with the transfer of sugar residues across the membrane during the biosynthesis of poly-saccharides (Distler & Roseman, 1964) ; in this way they would be analogous to phospholipids in the biosynthesis of mucopeptide. An alternative, related, function suggests itself from an examination of their shape. Molecular models show that all bacterial glycolipids can adopt a stable conformation in which the lipophilic components (fatty acid chains, ring oxygen of sugars and glycosidic oxygens) lie on one side of the molecule, whereas the sugar hydroxyl groups lie on the other side (Fig. 1) . Such glycolipids may well form clusters in which the hydrophilic regions of a number of molecules would come together to form a 'pore' extending through the membrane. These pores could allow the free passage of small ions and charged water-soluble metabolites, their selectivity being determined mainly by such factors as charge, size and shape.
